) INTOJJECTUAL PROPERTY ORGANEATON 
International Bureau 





(21) International Application Number: PCT/US98/06029 

(22) international Filing Date: 23 March 1998 (23.03.98) 



IS 

i 



(30) Priority DaU: 
60/041,237 



24 March 1997 (24.03.97) 



US 



(71)(72) Applicant and Inventor: FTELDS. R^Jf"' ' 
Suite T, 3475 Edison Way, Menlo Park. CA 94025 (US). 



(HI) Designated States: AL, AM. AT. AU. AZ. BA. BB BG. BR, 
(81) wesignaieo p, 

S GM. GW. HU, m. IL, IS. JP. KE, KG. KP. KR. Itt. 
LC LK LR LS. LT, LU, LV, MD. MG, MK. MN, MW. 

MX n6. nz, pL. ft. ro. ru. sd. se, sg. si. SK SL. 

TJ TM TR TT. UA. UG. US, UZ, VN, YU, ZW, ARIPO 
patent (GH. GM. KE. LS, MW, SD, SZ. UG.ZW), Eurasian 
patent AM. AZ, BY, KG, KZ. MD, RU, TJ, TM). Europe^ 
Jam (1t,'bE,'cH, DE, DK ES, FI, FR. GB, M IT 
LU MC NL PT. SE). OAPI patent (BF, BJ, CF, CG, U. 
CM, Ga", GN. ml, MR, NE. SN, TD, TG). 



Published ^^^^^^ i^^ernfl/io/ifl/ search report and to be republished 
upon receipt of that report. 



(54) Title: BIOMOLECULAR PROCESSOR 
(57) Abstract 

A prcess and apparatus for isolating and ^^^^'^^ ^^S^SIlS'^i^^p^ 
cultures and the like by totally automated means, *f '^^^^f^""^^^^^ acids ati absorbed onto a binding filter and eluted 
containing sample with lysis reagent in an cnvironmental^^^^^ automatically detects target sequences 



BNSDCXIID: <WO__9642e74A2_l.> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used ,o identify S«tes party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


AM 


Armenia 


AT 


Austria 


AU 


Australia 


AZ 


Azerbaijan 


BA 


Bosnia and Hemgovina 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


EG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CC 


Congo 


CH 


Switzerland 


CI 


Cdlc d'lvoirc 


CM 


Cameroon 


CN 


China 


CU 


Cuba 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 



ES 

Fl 

FR 

GA 

GB 

GE 

GH 

ON 

OR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 
KZ 
LC 
U 
LK 
LR 



Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Uberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 
MN 
MR 
MW 
MX 
NE 
NL 
NO 
NZ 
PL 
FT 
RO 
RU 
SD 
SE 
SG 



Lesotho 



Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



SI Slovenia 

SK Slovakia 

SN Senegal 

SZ Swaziland 

TD Chad 

TO Togo 

TJ 1'ajikt^ian 

TM Turkmenistan 

TR Tiirkcy 

TT Trmidad and Tobago 

UA Ukraine 

UG Uganda 

US United Slates of America 

UZ Uzbekistan 

VN Viet Nam 

YU Yugoslavia 

ZW Zimbabwe 



BNSDOCID: <WO„9842874A2J_> 



^ PCTAJS98/06029 

WO 98/42874 



i 
•1.1 

BIOMOLECULAR PROCESSOR 



i?-»oid of Tnvention 

The invention relates to laboratory and -^^^'f 
Z nrocedures for isolation and purificatxon of target 
instrun^nts, P^^^^'^^^^f .^^ apparatus for combining 

molecules from biologxcal fluids, and app 
target nK)lecules with other components of an assay mx 



I„ the united States »ore than 500 thousand 

per year die tro„ sepsis. » ^-;-:f„„'=:ratr iaX 
following surgery, which requ^s xdentilication 
strain before effective treatment can « 9^-- 
by cell culture can tate up to two ' "^^f ^ ^3,^ 

uucieic t:Ta:iy:t:; - ^ — • 

to determine, first the tamiJ.y, ^ ^o the present 

•^^4. in T-nutine use, however, owxuy r 
ror^i:::n:i:et^^^^ - -.ting nucleic acids and the 
absence of high speed nucleic acid (NA) tests. 

The emergence of drug resistant strains of ji-- 
'.c. that strains be identified before effective 
bacteria requires that st^in identilication of 

^dication can be ^^^^.^^^^ J^l^^ often difficult and 
strains of Mycobacteria, for example, i ^^^^^ 
prolonged, during which time a patient, if untreated, 
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dif ferent^iation of strain could sxgnxfxcant: 
worldwide control of tuberculosis. 

genotype, in patien. .lood >"°" ec«bina.ion= » be 

p.»« — -r:::.: °' " 

fro. blood or plas.« and provides for rap ^^^^^ 
purified BA with o.h« components °* " .^i., 
L de«r.anin, the quantity of ^^^^^ . the 

techniques such ^ ^Z^-^^^ 

Liqase Chain Reaction (LCR) or ' purified and 

J,et ^lecules other than ^^^.^ „o «, 

Identified by the invention, and the inve 

restricted to use with nucleic acids. 

. .„H detection procedures take place in 

All purification and ^ feature 

• Kv -t-hG invention, iuj-s' 

sealed compartments provided ^-'J' ^^^^ use as a 

^s the invention P^^^^^^J,,, patient information 

Clinical dia^ostic ^thcare workers and 

with a Binunal risk of cont -earrvover- !«»• 

..i^ risk of test contamnation by =«ry 

nucleic acids have been --t^^Hf:,:?^ 

,ide variety of ^^'^^^^^^J^TZ. TpurifL 
of the m and the " biological .aisles include 

procedures for ^„ical dUruption, 

1) cell lysis using a cambination o 
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adsorption of the na onr eluting bound NA from 

solid phase, °^ purifying the NA by gel 

recovering the m t 

two or more rounds ot cesium cn removing salts 

centr^ugation, with X4, ^--^^■'^^f,;;;:/iomato,rap>>, or 
or changing the «a buMer using dialysis, g 

spin columns. 

^ ™« are carried out manually Uy trained 
These procedures =^ ""^ pipettor., centrifuges. 

personnel — ^i^^h^rer Lths, vacuum aspiration 
gel electrophoresis apparatus, no me 

^or the re^al o. , f r^epenl on the liguid 

reproducibility of a :^,„,,,,„, ^, .He variable 

fai'In: ITeve^ procedures in the laboratory at one time. 

^•^ rto-struction of NA molecules during 
TO prevent -^^^ „ .loc. ™«e and 

purification -'^J^^'^^ Co, ,in cox. K... (1968, "The 
DMMe digestion in the lysates. ' ^g^^ ^clds- 

- Of -anidin- -^^^^^^ - isola^^^^^^^^ 
Methods Enzymol. 121. 120.) secondary 
concentration of ^^^^ not o^^d^ ^^^^^^^ 

cellular structures ^^^^^^^^^"^^^^^^^ ..^ses owing to its 
acids, but it also inhibits the g^anidinium salts, 

action as a powerful chaotrope. ^ a -^-^^ ^ established in 
particularly guanidinium thiocyanate, have become 
wide use in NA purification procedures. 

T> Qr>i c.J.A. , salimans, M-M.M., 
Boom (in Boom, R., Sol, C.J^ , ^^^^^^^ 

jansen, C.L., wertheim-van Dillen, P.M.E., 



BNSDOCID: <WO__9842e74A2.l_> 



_ ^ ' PCTAJS98/06029 

WO 98/42874 ^ 



p^icles or di..<»« in ^l-";,^^^^^^ «^Id »a. 
Loverv c£ fro. sta«i., ^^;l^\lZ »o. S,234,S09. 

assigned to Akzo, B.V., teacne binding 
sa^la witn a Caotropic f^/ .did 

solid phase, separating tn. '"^^ ' ^ is carried 

phase. The BA purilioation process -'J^^ ^ ,„3pension o£ 
out using manual pr=c«iures such " J^,^^, 
smca particles .=etore ^^^^^^^ aspi«ti»n> 
centrifuging, reaving "^^^^^^ „ suspend the. In 

^ in a water bath or heating blocK. etc. 

cntrifugation based procedures ^^^'J^'^^J^, 
^ use Of spin-tubes or spin ^"^^J^^^^^^, are 
3^ Uberation using deter^nts . « ^ ^ ^ 

bound to a solid phase " '^'^ ^^^j^ ^ u wished by 

placed in a second centrifuge tub.. ^ assentled 
applying a wash solution on top ^J^^^f^^^ ^, ,bro„,b the 
pair of tubes, which causes the wash s ^^„„i£„,e tube, 

solid Phase and to ^ ^^^^^ 
Target molecules are «>"«"^ " ^a.., a»i 

an elution '"l-i™ ^ co!lt« th^ eluate. 

eentrifuging the pair o£ tubas 

i« eliminated using spin- 
Mtbough the "P^""" :^Tlabor int««ive 

tube technioues, the .pi«-tu« ""'"''^/J^^, „iati«ly 
and unsuitable for automation. "^^^'^ ^ „^ 
long time that is retired to c-^^ ^thfla^ in-nsive 

„^„tional ^ -ninrlres add to tb. total cost 
nature of the protocols, these pro^ 
of carrying out a m diagnostic tests. 

Atterapts have been roade to automate parts of nucleic 
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acid purification techniques such as dispensing reagents, 
:irutlng, aspiration and ^ing o. Uguids using ^i-- -r-e 
pumps, pipettors and robotics. U.S. Patent Nos. '''^^'^'\^\ 
4 5^0 684 assigned to ZyroarK Corp. and U.S. Patent No. 5,104,621 
aUig^ed to Beckman Instruments, Inc. disclose robotic systems 
having interchangeable tools and hands for manipulating 
cooperating embodiments of laboratory devices, permxttxng 
otherwise manual procedures to be performed by the robotxc 
apparatus, according to a computer program that xs entered^ the 
u!er. These patents teach the use of general purpose robotxc 
systems intended for use for a wide variety of chemxcal and 
laboratory procedures. These inventions have been ^-xgned to be 
as flexil>le as possible, and do not specifically P--^^ ^ 
rapid isolation of nucleic acids or other target molecules or for 
coLining purified HA with other components of an assay mxxture. 

The isolation of nucleic acids from liquids that 
contain infectious agents such as bacteria and viruses requxres 
Ttrlngent sa^le handling techniques to avoid 
infection of health care workers. To mxnomxse such rxsks «A 
purification techniques involving open pipettxng and 
centrifugation specify that such procedures are carrx.d out xn 
containment hoodt 

The requlreiMnt tor such special containment facilities 
and other Ihstrv-ents needed Icr m purification presently 
restrict these procedures to laboratory and clinxcal sites. 
To^, for e««le, collected in re^te areas of the world^«st 
be rapidly transported to urban areas for purxf ication and 
ItCslnce the blood contains en.y^s that degrade the »s 
Tan; to be isolated. If HAS could be Isolated from blood in 
the field, the resulting purified »s «ould be chemically st^le 
a^l could be transported bacK with a reduced risK of degradation. 

It wjuld therefore be desirable to provide a 
biOBOlecular processor that did not re^ilre the use of 
pipettin,. centrifugation and that was less labor rntansi-« than 
current methods of purification of nucleic acids. 



<W0 9e42e74A2J_> 



PCT/US98/06029 

WO 98/42874 ^ 

It w^ld .ISO « desirable to pro,i^ a "ic-'f^Ll 
processor that soclu^ed the nuclei, aoi. 
the enviro,»ent while purilicatlon too. place, -o « " 
the risk Of infection of vorKers anO contamnat^n of the 
environment. 

It would also he aesiratle to provide a bi^l-^- 

senin, tissue samples, feces, bacterial or cell cultures. 

It would also be desirable to provide a biomolecular 
ILTls capable of combining purified nucleic, acds or 

processor that is capaoie oi detection or 

other target molecules with components of a test for 

quantification of such target molecules. 

would also be desirable to provide a biomolecular 
is capable of processing single samples or a 

processor that xs capable p ^ automated in its 

multiplicity of samples and that is complete y 

operation. 



nh-i offt-s of Tnvention 

w „^nn « nucleic acid containing sample with a lysis t y 
combining a nucleic acx nucleic acid binding 

v.^4.ir-.wt tre«sei from which all nucien, av-j- 

the NA. 

A further object of the invention is to elimnate all 
A furtner techniques such as vortexmg, 

requirements for manual or ^ spin-columns, 

pipetting, aspiration, centrifugation, the ^ J 
Lfraction by organic solvents, suspension of pellets, 
of vacuum manifolds for the purification of HA. 
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A further object is to provide means for automatically 
. ZL into the invention through a port that may 

withdrawing a sample xnto the x contamination of the 

be closed immediately afterwards to prevent 
environment by the sample. 

- -o«,n -.n^r r our .u«.«e ^ 

a solid phase matrix upon whose '"^^^^ '"'V, ^,hing 

and thereby removed fro. 
said solid phase matrix usxng -"^^^ ^^^^ 
neatin, and ccntrollin, the '"^se ^trix and 

^i"-.. -zz.7^i :":^:ii«r„ u.id= «i.h 

liquid. 

It is a further object of the invention to provide for 
isolation :nd purification . nucleic ac^ « 
-^^-^^-^J::^-j:T:.n\.^r^ ^ a fully 

tissue samples, leces, w« 
automated means. 

4. a further object of the present invention to 
ns for the raj combination of purified or other 
provide a means for the rapi of a NA or other assay for 

target molecules with other components «^ °^ 

detection or quantitation of said target molecules. 

Xt is yet another object of the invention to provide a 

:rrahoratory apparatus other than the invention itself. 
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in one aspect, the invention provides a device and an 
autonated ^thod for isolation and purification of nuclexc acxds 
or other target aolecules from raw ^^^^^^^ ""^^^"'^l „^ 

need for pipetting, centrifugation or manual labor. 

The invention may process a single san^le at a ti^e or 

™,n-iniicitv Of samples using a dispensing 
it may process a multxpiiciry oi. aa«4- 

.wK =.n arrav of tubes or wells in a 
apparatus cooperating with an array ot tuoe ^„„^_-ts of 

xlcrotiter plate, with means for heating and mixing contents of 

manual labor. 

I„ an«her aspect, th. invention »ay cosine a ^«ion 
Of purified nucleic acid, with co^nents of an f 
: Jsaid ^ure of co^nants into a ther^ controller a gene 
Chip or detection device to enable target K.l=cules to be 
Identl ied or the quantity of said ^.lecules to be determned. 
uch arget ^lecules for isolation and P""^-™^^^'" 
Single type, a coi^ination of «a, D». proteuu. or of oth«: 

molecules. 

in yet another aspect, the invention provides t«t Iclts 

such nanner as to minimize the risX of contamination of the 
elron«nt. or of the .^chanical portion of the invention. 
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The foregoing and other objects and advantages of the 
invention will appear fro„ the description "^i^;; .™ . J;^ 
Ascription reference is .«de to preferred e.a^d«ents of the 
!:::;Uon. such e^l^nts do not necessarUy represent the 
full scope of the invention. 

FIG. 1 is a perspective view of the invention. 

PIG. 2 is a plan view of a disposable -^-^^^ ^^^^ 
of the invention preferred for use for processing xndxvxdual 
samples of target molecules. 

FIG. 3 is a plan view of valve components for the 

invention. 

FIG 4 is a plan view of a disposable extractor device 

v nrpf erred for use for single sample processing 
of the invention preferrea loi ^.„^n„ 
Of target ^lecules, .herein the sample is automatroally 
withdrawn from a capillary tube. 

FIG. 5 is a schematic diagram of the operational 
hardware of a preferred eirdx^diment of the invention. 

FIG. 6 is a plan view of a disposable device of the 

::rco:ponents of an assay mixture before being introduced 
into a PGR thermal cycler or other NA assay device. 

FIG 7 is a perspective view of the mechanical 

of a nreferred embodiment of the invention 
hardware component of a preretieu « 

used for processing a multiplicity of samples. 

FIG. 8 A is a section view of a target molecule 

extraction pipettor tip constructed i. ^^^'^'^^^t^f ^^^^tiplicity 
embodi^nt of the invention preferred for use with a multiplicity 

of samples. 
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o u a section view of another preferred 

no. , A. B. an. c the e«ra«io.. ^ 

elusion steps lor an e«ra«ion pip«tor tW 

X a Qfi-well micrctilier 

PIO. 10 A is a perspective " accordance 

plate termed in a plastics ^terial, constructed xn 
with the invention. 

4= ^-ho array of wells shown in 
FIG. 10 B is a plan view of the array 

FIG . 10 f . , o. 

„ c is a section view ta>«n alon, the l^e 2-2 

Of FIG 10 B. 



FIG 1, a preferred embodiiaent of the 
«ith reference to ^^^'^^^ J able to 

invention comprises uechanxcai adapters 
engage a single-use, disposable device y ^^^.^^ ^^^^ 

.o! 71 Which engage ^-^^^^f-l^Z Z<^'^^^^'^ 
Keagents UI, UZ, 113 - -J^^^^T, , ..ich .ay be 

tutes 114. oevice 105 rs prov ^^^^^ be 

opened to receive a saBple f^^'"^^,^ ^ler or other 
connected to an incnbation chamber ajAe™ ^^^^^^^^ 

t^eat^nt vsel. port <=.'^™ /^^^^fanalysis. and port D 

^ dispensed tor ^^^f^^;-^::, ° /ractuator 101 for the 
tteough v*ich reagents nay enter ^i^^ies. Moleoul.. 

^..Ucation and "^-fririy -SLd within the device 105 
contained in a sa«pi. are """^^f a„„.tor 101. 

and may not enter or contact snrlaces or 

„C. 2 Shows preferred ^'^"^'Z.'^^o^ 
device 106 and 107, their co^nent parts cons^txng 
108 and tee connector 109. 

«Uh reference to no 3B - 3.. cross sections of 
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several valve types are shown. Valve body 206, having ports at 
71 C D which uay be a selectively sealed or connected by 

o; Ll.le nLer 207 havin. one or ^re internal pathways 
208 formed within such member. 

FIG 3E shows member 207 in a position such as to 
prevent an internal connection between P°^« 
FIG. 3F Shows the position of member 207 whxch wxll allow 

w . « «ort-s B and D; similarly FIG 3G shows the 
connection between ports B ana u, sxu 

position of member 207 which will allow connection of ports A and 
positxon oi menu. selecting pairs or combinations 

C; numerous means are known for selecting y 
of ports using a moveable member 207. 

FIG 3H Shows a rotary member 208 having a handle 213 
•.h a oassaqe 209 drilled through the member 208. Ports A and C 
con ertrmternally by rotating 208 to all^ the 

may oe comi«u ^i4-^^«a4-ivp1v moveable member 210 

"Lrrr rr^^n. ... .ec..... ^^^^^ 

TZ ^y^ valve and sue. valves have any nu^ 
selectable ports. 

in FIG. 2, device 106 is made up of two stopcocks 108 
.oined seaUngly together with two tee connectors 109 forming 
joined seaimgiy i^oy ^ ^ x. c d various pathways 

device 106 having four ports, A, B, C, D. van y 
Connecting the ports may be .elected by turning moveable stopcock 

T as to align or block internal passages in the 

n^nO^ers 126 so as to align ^^^^^ 

• /i^^^r^o Preferred tee connectors luy are iui-m 

device. Preferre ^.^^^^^ ^^^^ 

internal passages 121, ana wix-n uicxj. ^ , 100 

120, fe-ale luer fi«in,s that have ihter«l shelves 122 
'hfch L,«rol the de^ to which a «atln, luer -"P"-"-^ 
enter, as shown at 123 and 124. thereby controlling the internal 
volume of assembled device 106. 

Device 107 may be formed from 3 component parts, 
consisting of body 110, and moveable meters 114 and 115 which 
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„.ay be n^^ved so as to conned: or seal off pon:s A, B, C D 
according to positioning of said ««veable men^rs, as shown xn 
FIGS. 31 and 3 J. 

With reference to FIG. 4, a preterred e*odi«nt of the 
disposable device 301 enables HA to be retracted and pnrif i«i 
fri a senile presented to tbe invention in ' '^f'^^^J' 
«e sa^le n^es physical contact only with dxspos^le d vrce 
301, Which is attached to .Kchanical actuator 1" '^^'^l;, „ 
«chanical actuator 101 does not oake contact with a sample or 
BBonanit-aj. r.nillarv tube 2 which contains 

molecules derived £rom a sample, capillary 
a sample containing target molecules is inserted into port 5 
„„til the outer edges of the end of the tube are P»"ed -to anc. 
sealed on the inner tapered surface of the ™' 
surface is made preferably made of an "^"""i: 
valve 10 is turned so that the sample may be withdrawn from the 
Tapillary into device 301. After induction of 
the device, said sa«.le is isolated from the ^ 
Closure of valve 10. Said sample is prevented fro. contact wxth 
reagents in the mechanical actuator 101 by a 

alternating volumes of fluid 21 and air, i.e., a segmented lluM 
barrier, as shown at 20. 

For the extraction of SAs, or other target molecules , 
device 301 is attached to actuator 101 vU a '=°^^J^ 
fittings 4 and 51 (Fig 5). Microprocessor 55 causes the dual 

stopcoc. drive unit 52 to set valve 9 , Fig 4, to a P^iti«h 
in Which all ports are blocted and to set valve 10 to a position 
in Which ports B and C are connect«l, as shown in Fig 4. 
Microprocessor 55 then cause, reagent selection valve 57 .o 
select lysing reagent, Rl 58, and causes digital pump 59 to begin 
■ dispensi;g reagent 56 into tube 6 of disposable device 301. 
crinued pushing of reagent 58 will cause it to enter into tub. 
8 and into incubation chamber 15. 

A sample collected in capillary tube 2 for extraction 
Of NA or other target molecules is inserted into -^^^-^^f 
Microprocessor 55 causes the dual motor stopcock dr.ve unxt 52 
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^ into passage 14. ? connected and 

valve 10 to the position »>'^<='' « " ^ ^^gt, the 

causes the ^J-^^^r i clln cL^r 1.. Xhe 

internal P-sa,es of the device . ^ ^ ^^^^^ 

digital syringe pump 59 xs tnen <xu „,,=,ntitv of the 

heats the lysis mixture to assist in ± 

xt »ill ^ appreciated that any a^«t ^^^l^^^^'^ 
„ can he dispensed. .ollo«ed hy T^fZZ.. 
syringe pu^ 5, 60. Such »J-J-^;,^\1„„ of such 

i^e^S rerenfreagents to separate the 

Tag^rannrvent the reagents f^ having 

interface and thereby '--'^^/^^^'^^/^^.L., ^agents, 
is used in this manner to separate the d 

however in the interests of ^^^^^^ ^".^'/J «iu not he 

— r:ruTd:roo^°:hrnrrc.s co^mations of 

given. It will ue unae valves and 

different »ag^« ^ L^Jthe present invention, 

syringe pumps all lie wix^nxu 

When nucleic acids or other target molecules in 

■ T^T 15 have heen liberated, pump 59 withdraws the 
incubation chamber 15 have ^^^^ ^^^^ ^ 

r crerso^r is a protect!. at . filled With 

^=tr s::riy:rw:^^r^en drawn into tube 

stopcoclc 10 is now Closed and stopcock 9 is turned so 
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^ A. Pnmn 59 forces the lysate 
..a. ports B D are -nacted 

through target »olecuU ^j. „icropro=e,.or 

stopcoclc 9, into passage 11, " ^„ 3«iect wash 

55 acting causes reagent selection valve 5 ^i^, 

reagent, K3 62, a«. causes -J^^^'^ r,,"::^^, ^ai4 
reagent 62 into device 301. « „eeded, wash 

,Uter and hound target -^-^^ ° '^^'Z ^ .eater 

reagent R3 can he ^^^.eagent may he carried out 

419. m fact the heatrng of the "^"^^ „ ,ase. the 

hefore passage of lysate '''"°'\*^%'^"^i„„ ^ 59. and 
£nter can he scruhhed using to ^J\;^l,^,^,^,s^r 55 now 
the -ash liquid is collected ^^^^ ^,„^i„„ „agent. R4 

causes reagent selection valve ^„ 
64. and to dispense R4 into devrce » 
entered filter ele^nt " ' " If^^^^^pensing and 

or other target molecules hy -^"^""^"^ ^^^^ turbulence 

Withdrawing a ^^^^^^'^^^tT^JZ slp^coX 9 to the 
within the filter element 21, beior collecting 

position in Which port E is """»=""J°J°f^ 15. Elution 
^ target molecules in a ^ ^iralf-a^ed hy heater 41, 

reagent R4 cn be collected in flask 415 

before passage of lysate ^"^'^f^^^^^ZZ^m a heated 
target molecules can he eluted from the lilt 



elution reagent. 



«iXUUJ.v/tA *w*-.^^ 

It will be appreciated that a san^le can he introduced 
It will be appre capillary tuhe 2, 

into device 3 via a pipette ti.p xn place ^^^^ ^ 

and that a flexible tube can ^^^^J device. In 

sa^le contained in a ^^l^^^ J^T^^^^^e. needle device to 

addition provision could be tnade ot a p ^ 

p„ the rubber stop^r^ a s^^^^^^^^^^ 

sample from such a sealed tube. ^ disposable syringes 

scope of the present invention, ^"f ; ^^,3 digital 

containing reagents could be P--^^^ ^^^^^^^ configuration 

syringes and selection ^^^^re ^yrin^^^ 

of a disposable devices, including dx P ^lecules of the 

stopcocks, fittings and tubing, which contacts mo 
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i the invention. 

FIG 6. IS a schematic representation of a P«'«^^'^ 
5 , ^ n«?Pd for determxnatxon ot 

I e^odi^nt o£ a disposable dev.ce us«. for 

specific nucleotide sequences - ^^^^ ^^^^^...^ 

.uantitv Of target »lecules Purxf ^ 

«rget r^lecules are taken up £ro»vx «,,et 

otner co^nent. of an ^ v^^^ ,,,,..1 pu^ 

molecules taken can be accurately u« ^.-raet NAs 

, p.-,-. PGR assays the targer was 

59 in combination with valve 10. For PCR as y 

• « hot start in vial 15 by preheating the master mix 
are qiven a not star-c m vj-o* j 

1 q After thorough mixing the assay 
solution using heater 19. After y ^ 

i mi^ure is moved into device 430, which, in the case or 

^ mixture is niwv« , .<:4„»4.4on of target sequences. 

^ thermal cycling unit for amplification of targ q 

However other sample processing '^"^^^'^ ^^'^^^^^.^Znc^s are 
of PCR, following the amplification step, amplified pr 

Tn^o device 425, for detection of amplified products, 
moved into aevice *^^» -,v,^r» wash 

• A-y^ be a hybridization tube or a DNA chip, wasn 
Device 425 can be a nyui-xu ^ „^^„cori as reouired, for 

The assay and detection e»bodl«ent of the invention 
iust described .^y be coupled with the target ■»^-°"^« 
Lification e«bodl«nt ot the invention described earlier to 
:rir:pt=ific nudelc add sequences to -J^^^ ^u^,^ 
i ^antitated automatically fro. a ;7^i^-^,^\,: .cope 

use of the two entoodlments of the invention lies within 

of the invention. 

Pig. 7 shows an embodiment of the invention 21 
preferred H nn^ous sables of blood, plas^ or ot^r^cl^ic 

" 3:s":rp«;e~ =^ - 

t^r^rtLs^:: m tL ^ns of . microplate. photic arm 
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n^nt Rl 26 by means of a valve and syringe 

40 dispenses lys.s reageni: ^6 by ^^^^ 

PU.P located behind 39 P-^-^^^^^^^J^L ^ a headed bloc. 
.„cuba.ion well in^c^^^^^^^^ pipe..or tip 2. ..o. a 

43. Robotxc arm 40 picKs up portion of a first 

storage rac. .iP= « ^cropr«:a.»r 
.a^Xe in 41 .o an i-ba.^» «el^ -^^^ ^^^^^^^ ,,,, 

^ 1 T r^-f "hhp device inixes t;u« osuuf-^ 
controller of tne aevxu mixture, as 

Xysis rea,en. by turbulent -P^"^°» ^^^'^a an a 
described previously. ""j;f^"^^^ j^^^ with lysis reagent. 
,res. tip picked up to ^^^^J^^' „,tn lysis 
^ter all ^^^^^^ Seated to release m. or other 

reagent, and the lysates ha ettraotor 
target ^lecule., rcb«ic ar« 40 P-^ J 
pipettor tip 70, Fig 8 A or 8 B, heio i 



.he body o. the e«ractor ^^^2:^' ^^^T^^ 
,or«d from inert pl«iti=s ^^^^,^1,, ^n 0.3- 

entrance 71, with an internal d^- typ-al Y 
and 0.8-, a low dead volume „r other 

phase material 73 capable of "-""^ solution as a 

target ^leoules, and re«>ving 3. «e n>eans of 

,ysate solution passes ^l^"^^^, ,onio or a.,y 

binding --^^^-^'erire^^-^-^P^ '« ^ '""^ 
other inter««:«n. ^r containing ele«nt 74, 

^th a porous "y*^" " ,i«„„t wUl not allow 

through Which ^'^. '^'■^^Itc.l.s to pass, thereby 
^leic acids or other '=ar9" instrument. E«r>.ctor 

preventing portion 75 to allow it to 

pipettor tip 70 has a ^^pered^g P ^^^^ 

he sealingly engaged Wi«. . ^'^^ ' material 

embodiment of the i^*""^^'^^^'';,!^ ^tween inert porous 
76, Which may be m particulate form^e^ „ 
supports 77 and 78. Above porous suppo« 7 
in solid form which may contact a lysate o 
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has passed through the binding materia. Keagent 79 «y interact 
TL\ li^i^ on contact, dissolving and ^^^^^l^^^l^^^' 
such as buffering compounds or ensymes or co-t^nents of assays, 
or it may disburse insoluble elements such as silica or 
derivatised late:, particles into the liquid. Any type or 
c^^ination of filtration or selective binding element an^ any 
type of separate reagent or particle kept in the above pos.t«n 
as shown is within the scope of this invention. 

The robotic arm 40 of the invention picks up a clean 

• ,n fn rack 44. Fig. 7. and withdraws 

extractor pipettor tip 70, held in rack 44, (ig 

lysate from an incubation -li in 43. The lysate may be 
dispensed and taken up several times to " 
adsorption of target molecules to element J-^J; 
the lysate solution is returned to well 22 and robot arm 40 
washes the filter element 73 using wash solution «2 27 t^t has 
been previously dispensed into wells at 23. Filter element 73 
Lv b^ washed multiple times, at 82, using reagents held in 
Tltfple wells at 23. Finally a small a»unt of elution reagent 
^28 typically 20 to 100 microliters, in one quadrant of a 
^Itlrte^ll at 23 is used to scrub the filter 73 to and fro. to 
r^rtaTg^t m^lecules before dispensing the tar^t molecv^es 84 
Z reagent tubes or assay mixtures at 44, depending on the 
protocol being followed. 

Ma i -- n r ''""""^ "f ""^''1' 

The invention comprises special tubes, strips of tubes 
or wens in microplates that are formed in such a manner as to 
facilitate storage of frozen solutions, the mixing cf such 
solutions, after thawing, and the turbulent vortex mixing of 
c^nati;ns of liquids in such tubes that are to be c^ed for 
assays. Figs. 10 A and B show a microplate 90 " 
accordance with the invention, and Fig 10 C shows detai . of a 
cr^s section of two wells formed In plate 90. It " 
tLs same cross-section can be formed in a tube or botUe, or 
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,„ip Of loined tu^, .na ^hese e.ax^«s w»a. lie within 

the scope of this invention. 

According to the invention there are tonwJ on th. 
internal ^^aces It the t„hes or weUs, -V--^=-j;<^;°- 
,1. having a first surface « P"«"^^Vl« t-P^'^^-" 
angxe and a second surface 93 ".^/^'/^/.^Hf a tube in a 

protrusions »a, he organised on the ^^^. 'TZ^r^^'-^ 
„ain With the sharp angles aligned so th« <^^J 
honologously follow each other -d a traxn P 
spiral from the top. larger end of a °° 

or «11 down into the hotto» along pat^ ^ 
towards the top along path 95 as shown. «hen a tube ha^ 9^ 
protrusions is suhjected to vibratory s»tion i'^ " 
liquid in the tube wUl be pushed down along path ^"^^ 
path 95. BY this ««« siMple rectilinear Botron wxll induce 

Of a liquid in a tube. It is '^^J^J^^l^ ^ 

solution that is frosen in --^-f-rier^t. since 
held in place in the tube and will not Be aoi 
the said protrusions will lie within th. frozen ■»« - A 
^croplate constructed in accordance with the in™«^ 

preferably has cuts 96 ^"^^^^^Zl u» ^^- ^ 
facilitate the breatog off of rows for their use ai 
wells in the plate do not need to be used. 

. .r:: T ".r rj;" rtr^it oTTiTorage 
;o^^ Trocrrt;:.^:^::ro: 
— iir=r:L^t:iht^.^^^ 

heated by resistive heating and '^^^^i^ual solution, 

^er assay solutions have ^l^^^ ^'^.TZ causing the 
in the wells of the plate may be frozen in si » 
blocc temperature to descend below the '"^zing p.l« o^ the 
,i«ure. This abUity of the invention 

for preparing, freezing and storing ^^^f'^^^';Z, ,or 
..saster-mii- before target molecules are to be extracted, 
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cycling, without fear that small volumes of Ixquxd 
en route from splashing. 
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CLAIMS 
I claim, 
1. 



, A process of isolating and purifying nucleic 

molecules without tne use uj. 

• .-.n air suction or vacuum, by means of the 

fluid pathways within a topoaable dev.ce, con^nBing ^ 

steps of: 

,a, mixing together in an incubation ves-^' 

acids or other target molecules; 

(b) agitating, mixing and heating the lysis 
^.„.e to effect the liberation of all nucleic acids or 
other target molecules into solution; 

4.h« mixture of liberated nucleic acids 
(c^ causing the mixture j-j- 

, 4.« loave the incubation vessel and 
or other target molecules to leave ^he in 

.o pass through a porous, solid phase ^-^^J^^^ 
binding said liberated nucleic acids or other target 

molecules ; 

(d^ washing the solid phase filter to remove 
impurities and enzyme inhibitors; and 

(e) eluting the nucleic acids or other target 
molecules from the filter in a small volume. 



2. An apparatus for carrying out the process 
according to Claim 1, comprising 

a) a first part which does not make physical 
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contact with the starting ses^le material or molecules 
derived from starting materials 

(b) a second disposable part which may be easily 

nucleic acids cr otber target «.lec»les are dispensed. 
'* ,c) a said first part that is able to control the 

internal fluid pathways of the second part by means of 
stepper n»tors that rotate stopcocx handles or linear 
actut^ors that change the position of moveable valve 
elements in the second part 
k (d) a said first part employing at least one 

^ digital pulp! at least one multiport valve, and at least one 

dual valve actuating device. 

,e, a said first part having means of heating and 
controlling the te^rature of reagents supplied to the 
second part, of mixing and agitating mixtures of reagents 
and samples in the second part 

3. A machine constructed according to claim 2, for 
orocesslng a starting material that is held in a capillary 
t^^ «her small tube, in which the en. of the oapU^ry 
tS or tip is inserted sealingly into a cooperatrng part of 
* tTdlsposable device of the invention, which a-ioe has 

fluid pathways controlled by valves, — " 
Tleast one incubation chamber, and a fluid fitting that 
„y be sealingly connected to the first part of the 
inLtion, Which part has means for injectrng gases and 
Ugulds l«to the device, and means for altering the fluid 
i^ys within the device by changing the posxtxons of 
raTIlements within the device, together with mea^ or 
" heating and combining together a mixture of 

!::::^ri!l an. a lysis reagent, according to the following 
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Steps : 

(a) causing a sample to be withdrawn from a 
capillary tube or pipette tip into the device 

(b) causing the sample to be combined with one or 
^ more lysis reagents in an incubation vessel of the device 

(c) heating and agitating the lysis mixture in the 
incubation vessel 

(d) withdrawing the lysis mixture from the 
incubation vessel 

(e) forcing the lysis mixture to pass through a 
filter that is able to bind a nucleic acid or other target 
molecule 

(f ) causing one or more wash solution to enter the 
filter to wash the filter 

(g) heating a wash solution and agitating a wash 
solution in the filter 

(h) removing a wash solution from the filter. 

(i) causing one or more elation solution to enter 
the filter to elute target molecules from the filter. 

(j> heating an elution solution and agitating an 
elution solution in the filter to remove bound nucleic acxds 
or other target molecules from the filter in a small volume 



I. 



4. A machine constructed according to Claim 3, m 
which starting material is drawn into the disposable device 
via a tube conduit, the end of which is placed xn a Ixquxd 
sample held in a sample tube or a microtiter plate. 

5. A machine constructed according to Claim 3, in 
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?5 



«hi=h starting material is dra»„ into the dispos^ device 
via a needle which punctures the elastc»nerrc stopper ot 
sa«ple tube, including the "vacutainer" system 

6. A machine constructed according to claim 3, in 
which a disposable device component is composed of two 4-way 
stopcocxs and two low dead-volume tee connectors '°9ether 
wit^ attached tutog, filters, and vials, the tee -onne^ors 
Ling formed with hubs on the male luer 

m the female luer fittings to increase the reproducil,aity 
of the internal volume of the assembly. 

7. A machine constructed according to claim 3, in 
Which the stopcock handle, of a disposable ^^'^J^^"^ 
constructed in accordance with claim 6 are rotated by two 
i motors mount«i together on a single plate with t^ distance 

between the axes of the two motors the same as the dista^ 
between the axes of the two stopcock handles, provxded with 
drive adapters allowing each stopcock handle to snap rnto 
the adapter and thereby to be controlled by the "^pectrve 
motor, permitting each stopcc«k to be operated "-^ependently 
trom the other and any co.*lnation of stopcock ports to be 
blocked or connected together. 

7 A machine constructed according to Claim 3, in 
which the disposable device component has valves that are 
linearly actuated and are connected by internal passages 
:S formed in a single device housing. 

8. A machine for carrying out the process 
^ according to Claim I, in which one or a multitude of s^les 

each is coK*)ined with one or more lysis reagents xn one or 
.ore incubation vessels provided with means for heatxng and 
agitation of the lysis mixture; the incubation vessels may 
cLsist Of rows of tubes or wells in a microtiter plate and 
the means for combining the samples and lysxs reagents may 
^ preferably consist of a robotic actuated pipettor usxng 

aerosol resistant tips to transfer and combine starting 
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material and lysis reagents into the incubation vessels; the 
lysis solutions, after being agitated and heated, are 
re«K>ved from the incubation vessels by means of being drawn 
into aerosol-resistant tips that contain porous filters that 
can bind a nucleic acid or other target molecule, such 
filter element being located either near the end of a txp, 
or if at a distance, the passage connecting the filter and 
the end of the tip is of low volume and narrow bore and the 
abutting space between such passage and the filter has a low 
dead volume; the entire quantity of lysis solution is made 
to pass through the filter element on being withdrawn from 
an incubation vessel, and to pass again through the fxlter 
element when a solutions is dispensed out of the txp; after 
dispensing, the filters are washed by taking wash solutxons 
in and out of the tips, through the fxlter elements and the 
nucleic acid or other target molecules are eluted in a small 
volume by picking up and causing a small volume of elutxon 
reagent to pass first into and then through each fxlter 
element, then back into and through the filter several ti^es 
before dispensing nucleic acid or other target molecules xn 
a small volume into sample vials or into mixtures of nuclexc 
acid assay reagents. 



9. An nucleic acid or other target molecule 
binding pipettor tip constructed in accordance with Claim 5, 
in which a solid phase filter element capable of bxndxng 
nucleic acids is located at the top of a low-internal volume 
extension of the entrance of the tip, or other fxlter 
elements are provided, including solid reagents above the 
filter element that are able to dissolve in a liquid above 
the filter element, thereby releasing soluble reagents or 
insoluble materials into such solutions. 

10. An apparatus constructed according to Claims 3 
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and 4, for processing a starting material that ^^^^^^ ^ 
capil ary tube, a pipette tip, a sample tube or -rotxter 
plate, in which the disposable part of the apparatus may be 
provided with one or more reagents held in the xncubatxon 
vessel or in one or more disposable syringes sealxngly 
attached to said disposable part. 

11 A process according to Claim 1, in which the 
lysis reagent contains a greater than 5 molar concentration 
of a chaotropic reagent, such as urea, guanxdxne 
isothiocyanate or potassium iodide and a concentratxon of 
0.1% - 5% of a non-ionic detergent such as 
octy Iphenoxypolyethoxyethanol . 

12 A process according to Claim 1, in which the 
nucleic acid binding filter contains fibers or particles of 
polystyrene, nitrocellulose, glass, or quartz. 

13. A process according to Claim 1, in which 
target molecules are captured using lysis ^-^ents that 
contain probes capable of binding to the target molecules 
After agitation and heating of the lysis mxxture, another 
reagent may be added to rapidly cool the lysis solutxon- 
reageni; luoj solvent environment 

target molecule mxxture, and alter the soxv 
of the lysis mixture to promote binding of probes wxth 
:Lget molecules, before causing the mixture to through 
a p!rous, solid phase filter capable of bindxng the probes 
anftarget molecules which have been captured by the saxd 
probes . 

14 A process according to Claim 10, in which the 
target molecules are nucleic acid sequences and the probes 
are RNA, DNA, PNA or other molecules capable of bexng 
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selectively bound to target nucleic acid sequences, which 
probes have a second functional portion that does not 
selectively bind to target molecules, such as a poly A taxi 
or a biotin molecule, and the filter element has a 
I corresponding molecule capable of binding to the second 

I functional portion, such as poly T nucleotides or avidxn 

molecules which are bound to the filter. The choice of 
elution reagent for the target molecules depends upon the 
type of interaction between probe and filter that is 
required to be disrupted, in order to facilitate release of 
the target molecule. The choice of elution reagent for the 
target molecules depends upon the type of interaction 
between probe and filter that is required to be disrupted, 
in order to facilitate release of the target molecule. 



I 



15. A process according to Claim 10, in which the 
target molecules are proteins, carbohydrates or other 
molecules and the probes are conjugate molecules, one part 
of a conjugate consisting of an antibody or other molecule 
capable of reacting with, or forming an affinity-based bond 
with the target molecule, the second moiety of the conjugate 
being capable of reversibly binding with the filter 
element. The choice of elution reagent for the target 
molecules depends upon the type of interaction between probe 

and filter that is required to be disrupted, in order to 

facilitate release of the target molecule. 

16. A process according to Claim 10, in which the 
target molecules are nucleic acid sequences, the probes are 
5'-biotinylated oligonucleotides between 20 to 40 
nucleotides in length that are complimentary to the target 
nucleic acid sequence, the second lysis reagent contains at 
least 0.7 molar sodium phosphate buffer, pH 7.4, and the 
filter for binding the probes contains modified avidin 
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residues capable of releasing of biotin under mildly acidic 
conditions . 

17. separate sample tubes, or strips of connected 
tubes, or veils contained in a plate, such tubes or veils 
having formed on their internal surfaces asymmetrical 
protrusions, each protrusion having a first surface 
protruding at a relatively steep angle and a second surface 
protruding as a less steep angle; the said protrusxons are 
organized on the inside surface of a tube in a traon vxth 
the Sharp angular faces of the protrusions alxgned so that 
the protrusions homologously follow each other, and a traxn 
of protrusions spirals from the top, larger end of a 
generally conical shaped tube or well down into the bottom, 
then turns back up towards the top. 

18. A kit for carrying out the process according 
to Claim 1, for use with a machine constructed in accordance 
with Claiias 2, 3, 4 or 7 comprising a disposable devxce 
constructed in accordance with Claims 2, 3, 4 or 7 together 
with sucu lysis, wash and elution reagents as may be 
required to carry out the nucleic acid purification process. 

19 A kit for carrying out the process according 
to Claim 1, for use with a machine constructed in accordance 
with Claiin 5 comprising a multiplicity of disposable devxces 
constructed in accordance with Claims 5 and 6, together wxth 
such lysis, wash and elution reagents as may be requxred to 
carry out the nucleic acid purification process. 

20. An apparatus for mixing purified target 
nolecules with components of an assay comprising 

a) a first part which does not make physical 
contact with the starting sample material or molecules 
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derived from starting materials 

(b) a second disposable part which may be easily 

attached or detached from the first part, into whxch 

Turif ied target molecules are drawn and conO^xned wxth 

components of assays 

,c, a said tixs^ part that is able to control the 
internal lluid pathways o£ the second part by means of 
«epL ..tors that rotate stopcocX handles or linear 
a^uftors that chan,e the position o£ «K>veable valve 
elements in the second part 

(d) a said first part employing at least one 
digital pu:lp! at least one multiport valve, and at least one 
dual valve actuating device. 

(e) a said first part having means of heating and 

and saivles in the second part comprising 

,t, a said first part that is able to control the 
ooeration of a testing co«»nent such as a thermal cycler, a 
-rsLce detector rsnLtample 

component • 

21. « apparatus constructed according to clai.^ 2 
and 20 in which the disposable second f ^'f^ 

joined with the disposable second part of C a^ 20, thereby 
enabling target »lecules to be purified and then 
su^e^^Lly to be assayed, totally under the control of the 

apparatus . 
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Fig. 10 
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(54) TiUe: BIOMOLECULAR PROCESSOR 




(57) Abstract 

A process and apparatus for isolating and purifying nucleic acids and other target molecules directly ftom ""^f- Plfr;JSSc ^ 
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AMENDED CLAIMS 
[received by the Intematioml Bureau on 3 December 1998 (03 12.98); 
original claim 17 canceUed; new claims 22-28 added; remammg da«ns unchanged (3 pages)] 



18 A kit for carrying out the process accordong 
, • ^ ior u^e wTth a machine constructed in accordance 
'° 2 3 4 ^7 comprising a disposable device 

with Claias 2, 3, 4 or / c . or 7 toWlier 

co»«u«ed in accordance with cla^ ^. ^- * » 

to Claim 1, xor use wxtn disposable devices 

with Claiia 5 coiBprisxng a ""^^^P^^^^*^ ° . g together with 
constructed in accordance wxth Cia«s i^ed to 

such lysis, wash and elution reagents as may be requ 
ca^ry out ;he nucleic acid purifi^tion process. 

20. An apparatus for mixing purified target 
«,lecules with components of an assay co.:?.rxsxng 

a) a first part which does not n^ke physical 
contact with the starting sample material or B^lecules 



BNSDOCID: <WO__9842B74A3_IA> 



AMENDED SHEET (ARTICLE 19) 



wo 98/42874 



PCTAJS98/06029 



-30- 



22. Aa apparatus constructed according to Clai^ 

T., claL 20 in such manner that the t«o da««8 
part of CIMJ. " disposable device, said device 

together conpnse a single <'"P° „^ ^„ ^urget 

tovin, .«ans for withdravang « ^ ,^,i,, 

^xecule - containing sa«.le in-^de i^ 

sa^le £ro» the -"""-TV^rt^get molecule fro. the 
purifying the nucleic acid °\°^^J^ ^lecules with 

rraHe^: r:::^:irac!r:: other analytical 
components of at least one ^^^^ 

«3t. With eeans for ^-^^^^^J^^^rte^perature optical 
^ure to an e^^ure » at lea« ^„„„3, 

for carrying .^"^ " .^th at le«.t one 

rdriLrait:^^.,:: tj. — -rt,r^ 

carrying out the test and ^^'J ^o a test 
results, and with .»ans -^"J^^^ Ty^^-lecules of 
without opening the apparatus or ^>^J environ.«nt. 
the test within the apparatus to the eJttemai 

23 An apparatus constructed according to clal» 
4:«r- ri«.tectinq test results is by 
22 in which the means for adsorption within a 

reasurements of light emission or light M rp 

transparent portion of the ^"---".".r afe in 

XiMited to -=-«~""^l^,nrilinescence or light 

=roi rt^'o. ^-e. ^tures. such 

:=nr::trr r e= z =^ 

concainxiiy external environment, 

test within the apparatus to the exter 

24 The use of a test solution as an elution 

.ea.ent for'^Jtin, purified target ^^^^l^ ^^^jt: 

^^^r ;rrsr:n^^^ ^ar^n-ic 
determining the presence anu^ 

acids or other molecules. 
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I 



„ T.e use ot a solution, .».«d to b«-een 
25. Tue us orefarabXy to 95 degrees, 

,0 to .00 degrees c^s.u . ^t^' ^ J^^^^^ ^^^^^ 

composed of ^- ^^'^^^^ ,Ke poly^rase chain 
.cid ^^■^^'^^^ r» elution reagent for target m or 
^ion, or >«-«^: " " adsorbents, or boo»l by 

adsorb*, onto ^ before 

hybridization or avidin-biotin or oy 
carrying out thermal cycling. 

2, use of a test solution, heated to between 

.Lsius but preferably to an optimum 
20 and 100 degrees ° composed of 

^"'""V^^s ^pr^r fences for carrying out the 

Tilran elution reagent for target R« 
^ reaction, as » ^„rie«:s. or bound by 

..toorbed onto srlrca or other 
hybridization or avidin-bwtin or oy 
carrying out the reaction. 

.. . of anv target molecule t«lt solution, 
,„ „d 100 dirLs Celsius, but preferably 
heated to between 20 and "»^^ for 

28 An apparatus constructed accorui.9 to clal» 
28. Ml aw tot 

^^argTaTes — ^ 

ra:rs'^nr:::n:vTfy -rrirrw^test 

second parts, to f said multiple 

agents ^ to measure the te« ^^^^ 

samples using multiple saxa ^,_„ies within to the 

..id second parts or -P--^^::^r"ing made 
external environment, said measure 
sequentially or simultaneously. 
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